INTRODUCTION
Anticoagulation therapy is used to treat patients with a variety of haemostatic disorders in an attempt to prevent thrombus formation. In particular, oral anticoagulants are prescribed for the prophylaxis of thromboembolic disorders, with warfarin the one most widely used in the UK. 1, 2 Warfarin has signifi cant side-effects as a potent vitamin K antagonist. Warfarin interferes with γ-carboxylation of factors II, VII, IX and X as well as the coagulation inhibitor proteins C and S. 3 The effect of warfarin is monitored using the international normalised ratio (INR), which compares the patient's prothrombin time with a normal control. The INR is only valid for patients on well controlled anticoagulant therapy where the level of anticoagulation is reasonably stable over a period of time.
The normal accepted therapeutic range is 2-4. 4 For each single fi gure increase in the INR the risk of bleeding is doubled, hence the need to monitor its value.
Since its introduction there has been a debate about the risk of haemorrhage in warfarinised patients requiring dental treatment. [5] [6] [7] [8] [9] As such, a number of protocols have been advocated to reduce the risk by modifying the warfarin regime. These have included substitution, 5, 6 decreasing the levels of anticoagulation, 10 or even stopping the patient's warfarin for two days pre-operatively. 9, 11 Conversely, concern has been expressed about the increased risk of thromboembolic episodes in patients whose warfarin has been modifi ed to allow dental treatment to occur. 8, [12] [13] [14] [15] [16] [17] [18] [19] The wide use of warfarin means that general dental practitioners (GDPs) are exposed to an increasing number of patients on anti-coagulant therapy. Many of these patients require procedures which could be complicated by prolonged coagulation times. A previous survey to assess the management of patients on
• Highlights the need for each planned treatment to be assessed on its own merits with respect to the risk of bleeding.
• Raises awareness of the possible obstacles in managing warfarinised patients.
• Reinforces the current protocols in management of patients on warfarin in primary dental care.
I N B R I E F

RESEARCH
Aims To ascertain the current management protocols of patients on warfarin by general dental practitioners (GDPs) in South West Wales and to compare these fi ndings with current guidelines and the results from a previous audit published in 2003 . Materials and methods A questionnaire similar to that used in the fi rst audit was sent to 447 GDPs in South West Wales. In addition, questions were included on factors which might affect international normalised ratio (INR), the timing of pre-operative INR assessment and the risk of bleeding associated with implant surgery. GDPs' details were derived from the online GDC database of registered dental practitioners. Registered specialists and GDPs who practised only orthodontics were excluded. Results Of the 447 questionnaires distributed, 332 (74%) were returned. Eight percent (n = 26) of the respondents did not treat patients on warfarin. Two hundred and forty-seven respondents (74%) considered implant placement as a procedure with high risk of bleeding, with inferior dental block, sub-gingival restorations and sub-gingival debridement receiving a lower response (45%, 28% and 12%, respectively). When planning a high risk procedure, 206 respondents (63%) indicated they would seek advice from a cardiologist or general medical practitioner; none of the respondents would advise the patient to reduce their warfarin dose, while 1% indicated they would ask the patient to stop taking warfarin without seeking any medical opinion. A total of 278 respondents (84%) stated they would check the INR before treatment and of these, 214 (65%) indicated they would do so within 24 hours of treatment and 60 (18%) within 48 hours. Ten respondents said they would not normally check INR. One hundred and twelve respondents (34%) considered 2.5 as the safe upper INR limit for performing high risk procedures, 21 (6%) considered an INR of between 1 and 2 as the safe limit, 99 (30%) considered and INR of 3 as safe, 36 (10%) considered 3.5 as safe and 36 (10%) considered an INR of 4 as safe. Finally, 286 respondents (86%) considered drug interactions and 236 (71%) considered alcohol as signifi cant infl uencing factors on INR.
Conclusions The fi ndings demonstrate a broad change in practice towards the new recommendations produced in 2001 but also highlight that further education and support may be necessary, as well as greater consistency in published guidelines.
warfarin by GDPs in South West Wales highlighted possible misunderstandings in the appropriate management of such patients in light of recommendations published annually since 2001. 4, 20 This second cycle of the audit aims to re-evaluate the position in a larger number of clinicians and from a wider geographical area.
AIMS
1. To ascertain the current management protocols of patients on warfarin by GDPs in South West Wales 2. To compare these fi ndings with current guidelines and the results from the previous audit.
4,21
MATERIALS AND METHODS
A questionnaire (Appendix 1) was sent to 447 GDPs in South West Wales. This document was similar to that used in the previous audit 21 other than the question on whether the clinician had any previous hospital experience. This was due to the fi nding in the original study that these had no effect on decision making.
Questions on factors which might affect the INR, the timing of any preoperative INR assessment and the risk of bleeding associated with implant surgery were included in this audit but not in the original one.
The details of the GDPs were derived from the GDC online database of registered general practitioners using regional postcodes as the search criteria. GDPs or their practices were then contacted to confi rm the details. Although this study included practitioners from a larger geographical area than the fi rst audit, the region in the original study was also included in this audit. Clinicians whose practice was limited to orthodontics were not included in the study, nor were any registered specialists. These groups were also omitted from the results of the previous audit. Practitioners were requested to complete the questionnaire anonymously and to return it in a stamped addressed envelope. After four weeks a reminder questionnaire was sent to all the practitioners. Data was then collated and analysed using descriptive methods.
RESULTS
Data collected
A total of 447 questionnaires were distributed, of which 332 (74%) were returned. In the previous audit a total of 250 questionnaires were issued with 160 (64%) returned, of which 155 (62%) were utilised.
Replies to questions
GDP's position in practice
One hundred and ninety-four (58%) of the respondents were principals, 124 (37%) were associates and only four (1%) were vocational dental practitioners (VDPs). Compared with the previous study there was an 11% reduction in responses from principals and a 3% reduction in responses from VDPs but a 19% increase in responses from associates. Of the remaining six respondents, three (0.9%) were either locum dentists or on temporary post and the remaining three (0.9%) were not known.
Do you treat patients on warfarin?
In this study a total of 26 GDPs (8%) did not treat patients on warfarin, with the reasons provided including: 'diffi culty in coordinating INR prior to treatment' (2.4%), 'no support from GP/cardiologist' (1%), 'potential medico-legal problems' (2.3%) and 'lack of experience' (2.1%). This was a similar percentage to the previous study (9%) and with similar explanations.
Opinion of procedure related to risk of bleeding (Table 1)
GDPs were asked for their opinion regarding the potential risk of bleeding in relation to various common dental procedures. Two hundred and forty-seven respondents (74%) considered implant placement as a procedure with a high risk of bleeding. The response in relation to inferior dental block and sub-gingival restorations remained almost identical to the original survey (45% and 28% respectively). However a marked reduction in the number of practitioners who considered sub-gingival debridement as a high-risk procedure (12%) was recorded.
Management of anticoagulation
1. Advice to patients when carrying out a 'high risk of bleeding' procedure. When planning a 'high risk of bleeding' procedure on a patient taking warfarin, a total of 206 of respondents (62%) indicated that they would seek advice from a general medical practitioner (GMP) or cardiologist. This is comparable to the fi rst study where 67% of respondents indicated that they would act in a similar fashion. In this study none of the respondents indicated that they would advise the patient to reduce the warfarin dose, while three (1%) would ask the patient to stop the warfarin without seeking any medical opinion. In the fi rst study 22 (15%) clinicians advised patients to either stop or reduce their dose of warfarin for one to three days prior to dental treatment without seeking a medical opinion. 
RESEARCH
INR assessment prior to treatment.
A total of 278 (84%) respondents indicated that they would check the INR prior to treatment. This is in comparison to 55% of GDPs who checked INR prior to treatment in the previous study. Of the total 278 respondents who indicated that they would evaluate the INR prior to any treatment, 218 (65%) indicated that they would do so within 24 hours of treatment and 60 (18%) within 48 hours. Ten (3%) said that they would not normally check the INR and 44 (13%) respondents did not answer this question. The question on the timing of any INR assessment was not included in the fi rst audit since the advice was not published in the Dental practitioners' formulary at the time. 22 
Safe upper limit of INR to carry out 'high risk of bleeding' procedures (Fig. 1).
One hundred and twelve (34%) respondents in this study considered 2.5 as the safe upper INR limit for carrying out a procedure with high risk of bleeding, while the equivalent fi gure from the original study was 51 (36%). Twentyone (6%) of respondents in this study considered that an INR between 1 and 2 was the safe limit compared to 40 (26%) in the original audit. With respect to an INR of 3 or 3.5, 99 (30%) and 36 (10%) respondents, respectively, considered these levels as safe in this study. In the original study the comparable fi gures were 11 (7%) and 1 (1%). In the current study 36 respondents (10%) considered an INR of 4 as a safe upper limit compared to none in the original survey.
Factors infl uencing patient INR (Fig. 2).
A total of 286 respondents (86%) considered drug interactions and 236 (71%) considered alcohol as signifi cant infl uencing factors on the INR. This question was not asked in the previous study.
DISCUSSION
When anticoagulation therapy was fi rst introduced, the target therapeutic range was a prothrombin ratio (PT/control) of 2.0 to 2.5. 13 However, due to a lack of standardisation of the estimation of prothrombin time, the degree of anticoagulation used by physicians became higher than the range originally recommended. This obviously increased the risk of adverse bleeding. 23, 24 As such the World Health Organization subsequently introduced the international normalised ratio (INR) to improve the safety and effectiveness of oral anticoagulation therapy. 25 The INR adjusts for the varying sensitivities of the thromboplastins and makes it possible to target the same therapeutic ranges while using different laboratory reagents. 26 In the UK the normal therapeutic range is between 2 and 4 with the exact level dependant on the individual clinician, patient and the condition for which the anticoagulant is prescribed. 4 With this range and all things being equal, a patient with this degree of anticoagulation would be expected to bleed for two to four times longer than a non-anticoagulated individual. Because of this risk of prolonged bleeding it has been common to discontinue or modify the warfarin treatment prior to dental surgery. The aim of this change in the warfarin regime is to limit post-treatment bleeding problems for procedures associated with a risk of haemorrhage. 26, 27 In 2001 guidelines were produced by the North West Medicines Information Centre (NWMIC) 20 on the surgical management of dental patients on warfarin in primary care. NWMIC is a regional unit of the NHS Medicines Information Service which supports the safe, effective and effi cient use of medicines by providing up-to-date information and advice. NWMIC specialises in the 'surgical management of the primary care dental patient on warfarin'. The service operates to defi ned national standards and is co-ordinated nationally by the UK Medicines Information Pharmacists' Group. This is an independent and separate body from the British national formulary (BNF) but often uses the BNF as one of its sources of information.
The NWMIC guidelines indicate that the warfarin regime does not need to be routinely changed for those treatments expected to be carried out in general dental practice, providing the INR is stable and not greater than 4. The guidance therefore assumes that procedures commonly carried out in general dental practice pose a low risk of bleeding. This L o n g h a u l a i r p l a n e f l i g h t P r e g n a n c y S h o r t -h a u l a i r p l a n e f l i g h t includes minor surgery such as simple extractions of up to three teeth, gingival surgery, crown and bridge procedures, supra-gingival scaling and the surgical removal of a limited number of teeth. 1, 2, 22, 28, 29 However NWMIC suggest that sub-gingival debridement may cause signifi cant bleeding, especially if the tissues are infl amed.
The NWMIC guidelines are based on the following evidence:
• The consensus from reviews on the management of dental patients taking warfarin
• Continuing warfarin during dental surgical procedures may increase the risk of postoperative bleeding requiring intervention. However most cases of postoperative bleeding are easily treated with local measures such as packing with a haemostatic dressing, suturing and pressure
• Stopping warfarin increases the risk of thromboembolic events; the risk of thromboembolism after withdrawal of warfarin therapy outweighs the risk of oral bleeding, as bleeding complications, while inconvenient, do not carry the same risks as thromboembolic complications
• Stopping warfarin is no guarantee that the risk of postoperative bleeding requiring intervention will be eliminated, as serious bleeding can occur in non-anticoagulated patients.
Further guidelines regarding the management of patients on oral anticoagulants requiring dental surgery have been produced by a committee consisting of the British Society for Haematology (BSH), the British Dental Association (BDA) and the National Patient Safety Agency (NPSA). 30 This group also concluded that the risk of signifi cant bleeding in patients on oral anticoagulants with a stable INR of between 2-4 is small. As such they recommended that oral anticoagulants should not be discontinued in the majority of patients requiring out-patient dental surgery, including extractions. In addition, they also recommended the use of local measures such as oxidised cellulose, sutures, sponges and 5% tranexamic acid mouthwash to minimise the risk of bleeding in patients undergoing dental surgery.
The BNF, which is a joint publication of the British Medical Association and the Royal Pharmaceutical Society of Great Britain, has also produced guidelines on managing warfarin in dental practice. 31 Although these recommendations are broadly similar to those produced by NPSA/BDA/BSH and NWMIC, they differ in two important areas. The BNF suggests that if an extraction is required then the acceptable upper level for the INR is 3, while 4 is appropriate for all other minor dental procedures.
However, an INR upper limit of 4 appears to be supported by studies which have examined the implications of accepting this level when carrying out minor surgical procedures. 1, 2, 22, 32, 33 For example a randomised controlled trial of 57 anticoagulated patients found no increase in clinically important bleeding, with only one patient requiring admission to hospital for observation after closure of an oral-antral communication. Nine patients who had delayed bleeds were treated at home following the provision of simple advice over the telephone. 32 Conclusions from a recently published case series study 33 of 150 patients on warfarin also support the view that provided the INR is between 2-4, extractions can be carried out in primary care without the risk of a signifi cant bleed.
The BNF also recommends that the medical practitioner should be consulted for all patients who are on long-term oral anticoagulant therapy, irrespective of the stability of the INR. In contrast, the NWMIC advises that a medical opinion is only necessary when the INR requires modifi cation or is unstable.
The BNF guidelines provide dentists with an authoritative and easily accessible source of information. As such, GDPs are likely to use this publication as their fi rst source of guidance. However, in the case of managing warfarinised patients, it appears that the BNF guidance, although in broad agreement with comparable publications, may be at variance in specifi c and important areas.
Cohort and response
The cohort in this study was from a greater geographical area than in the original audit but included the original region. This expansion allowed a larger number of practitioners to be involved while still including those practitioners who may have been included in the original study. No attempt was made to evaluate how many of the practitioners who responded to the initial questionnaire replied to the current one. As such, it is possible that the original study and its fi ndings were based on an atypical group. However, considering the numbers involved it is unlikely that this is the case and as such, a comparison between the two studies can be made. Increasing the numbers in the current audit further reinforces the validity of the fi ndings and conclusions.
The response rate of this audit (74%) was greater than the original study, which in itself was considered good. This is perhaps an indication of increased awareness and understanding among general dental practitioners in the management of patients on oral anticoagulants and therefore a willingness to contribute to the study. It may also refl ect the thoroughness of the database used to identify the practitioners. The response rate also suggests that regional audits may be a valid method of assessing knowledge and awareness of general dental practitioners. 34 It was not surprising to fi nd that only four VDPs responded to the questionnaire. South West Wales has a programme which involves only 12 VDPs each year. In addition, this low response may be a refl ection of this group of practitioners' lack of confi dence or experience in managing patients on anticoagulant therapy. If this is the case then this fi nding may be of benefi t to those responsible for planning undergraduate and VDP training.
Another interesting fi nding was the 11% decrease in replies from principals and an 18% increase in response from associates. This could be a refl ection of the changing ratio of these groups in general dental practice or an increase in confi dence and knowledge of associates in managing patients on anticoagulant therapy. The uncertainty prior to the introduction of the new GDP contract may also have contributed to this result as associates may have preferred to preserve their existing status rather than make the fi nancial commitment associated with becoming a principal. With the introduction of the new contract in 2006, future audits may RESEARCH see the reverse occur due to the way units of dental activity are allocated.
Treatment
The number of GDPs who would not treat patients on warfarin remained low but, disappointingly, largely unchanged between the two audits (8% in 2007 compared to 9% in 2001). This suggests that there is a core of GDPs who are reluctant to treat this patient group. The reasons provided for not treating are also largely unchanged since the initial audit and appear to be based on a lack of appropriate medical support to manage changes in the warfarin regime. This is disappointing since the current guidelines suggest that a change in the warfarin regime or medical support are not routinely required. As such this fi nding suggests a lack of understanding or awareness of the new recommendations. An alternative explanation is that despite the guidelines, some practitioners feel unhappy with managing prolonged bleeding even if this is limited and to be expected.
Risk of bleeding
There is limited detailed documented guidance on procedures which are considered to have either a high or low risk of bleeding. The majority of guidelines and recommendations 4, 20, 27, 32, 33 have focused on surgical aspects of dentistry. There has only been limited information available on the management of patients requiring restorative treatment. 25, 26 For example, the consensus committee of the BSH, BDA and NPSA 30 suggested that the following procedures did not require any evaluation of the INR prior to commencing treatment, as the risk of bleeding was low:
• Scaling and polishing in the presence of CPITN score 1
• Conservative procedures such as direct and indirect restorations
• Construction of fi xed and removable prostheses.
The most recent NWMIC guidelines 4 make the broad assumption that the care provided by GDPs in a primary care setting is unlikely to involve treatments with a high risk of haemorrhage. The NWMIC concluded that up to three extractions in the same quadrant would be associated with a low risk of bleeding. They had a similar view on periodontal examinations and supra-gingival scaling but considered sub-gingival debridement as a high risk treatment if the tissues are infl amed.
A notable number of respondents in this audit (41%) did not consider subgingival debridement a high risk bleeding procedure and this had increased from the previous survey (29%). Initially this result appears surprising considering the guidance available. However, as highlighted by the NWIMC, the risk of bleeding from sub-gingival debridement is determined by a number of factors, of which the degree of infl ammation is obviously an important consideration. In situations where there is minimal infl ammation but persistent pocketing in excess of 4-5 mm, as can occur in maintenance periodontal therapy, then the risk of bleeding may not be great.
However, sub-gingival instrumentation has the potential to cause significant bleeding in warfarinised patients if the periodontal tissues are infl amed. As such, in these circumstances it is important to minimise the degree of infl ammation prior to commencing the sub-gingival treatment. This may be achieved by encouraging good plaque control, the short-term use of a chlorhexidine mouthrinse and initially carrying out simple supra-gingival scale and polishing. Any subsequent, subgingival scaling and debridement can also be restricted to a limited area, eg one quadrant. The long-term aim in warfarinised patients, in common with other susceptible groups, is to maintain a routine high level of oral hygiene and access to regular screening and support.
It would appear therefore that each case has to be assessed on its own merits regarding the risk of haemorrhage and the need to modify the INR. This is supported by the fi nding in relation to implant therapy.
The majority of respondents (74%) considered fi rst stage implant surgery to present a high risk of bleeding. However, a single implant placement may be associated with no greater risk of bleeding than an extraction. This may be especially the case if the fi xture is inserted using a fl apless technique which decreases the amount of invasion and minimises the risk of haemorrhage. However, these techniques are demanding and require careful pre-operative planning and a good three-dimensional awareness to visualise the underlying tissues. If these are not achieved then the risk of bleeding due to inappropriate site preparation may be high.
Conversely, conventional dental implant placement requires the raising of a mucoperiosteal fl ap, drilling into and often through the alveolar bone prior to fi xture placement. This can pose an increased risk of bleeding for patients on oral anticoagulants, particularly if multiple fi xtures are inserted, and as such it can be considered a 'high risk of bleeding' procedure.
Management of anticoagulation
It was encouraging to note that in the current audit only three (1%) dentists would stop a patient's medication without seeking medical opinion. This was a notable improvement from the original study where 15% of the respondents would either stop or change the oral anticoagulant dose. This change would suggest that GDPs are now more aware of the guidelines and the risk of thromboembolic events occurring with either altering or stopping anticoagulant therapy.
This conclusion is also supported by the fi nding that 84% of GDPs would evaluate the patient's INR prior to dental treatment compared with 54% in the previous audit. The majority (66%) of the respondents within this group would evaluate the INR within 24 hours.
An evaluation within 24 hours of treatment probably provides the most accurate assessment of the INR status. However, if the warfarin dose requires adjustment, an assessment at this time does not allow modifi cation of the regime to take place before the treatment date. In such circumstances, invariably the treatment has to be delayed. For this reason, both the NWMIC and BNF suggest that where the INR is stable (which should be the case if the patient is to be treated in general dental practice) then a check can be carried out up to 72 hours before the planned date of treatment. This will allow any necessary changes in the warfarin dose to be instigated and re-evaluated before the date of treatment.
Findings from this audit, where 30% considered 3.0 as a safe upper limit and only 10% considered this to be 4.0, suggest that either GDPs are unaware of the NWMIC guidelines or are using the BNF as their only source of information. Even so, 75 (23%) GDPs still considered an INR greater than 3.0 as unacceptable, which is not in line with any offi cially published guideline at the time of the survey. Although this is an improvement on the fi rst study, where only 8% considered an INR ≥3.0 as being the safe upper limit, the results are disappointing considering the new limits have been in existence for at least six years. This fi nding would suggest that many patients are still having unnecessary adjustments made to their warfarin regime or are being referred to hospitals for their care. The former means that this group has an increased risk of a thromboembolic events occurring, as well as requiring unnecessary haematological investigations. With respect to the unnecessary referrals, this places increased demand on secondary care resources and will invariably mean more inconvenience for patients due to the need to travel to hospitals and being unable receive treatment near their home.
Although this study suggests that more GDPs are managing patients with INR values of 2.5 and 3.0, there appears to be an inherent reluctance to accept INR values greater than 3.0. These levels were those recommended as acceptable upper limits prior to the recent guidelines. This would suggest that some of the respondents are either still unaware of the recent guidelines or are not confident with the recommendations.
Factors affecting the INR
The objective of this question was to evaluate whether practitioners were broadly aware of factors which could affect the INR.
The majority of respondents considered drug interactions (86%) and alcohol (71%) as key factors which could affect the INR. With respect to drugs, no attempt was made to identify which specifi c drugs they considered since it was felt this would encourage clinicians to seek further information before replying.
Aspirin and the non-steroidal antiinfl ammatory drugs (NSAIDs) are perhaps the best known for inhibiting the clotting process and therefore potentially raising the INR of warfarinised patients. Other commonly used antibiotics, such as metronidazole or the macrolides, will greatly increase the effect of warfarin by reducing its metabolism. Other broadspectrum antibiotics can also reduce the amount of the normal bacterial fl ora in the bowel, which may affect the absorption of vitamin K. 35 These groups of drugs are probably the ones most likely to be prescribed by GDPs, particularly in acute circumstances. As such it was reassuring to note that the majority of respondents considered drug interactions as a possible factor which could affect the INR.
Interestingly, 71% of respondents also considered alcohol as a factor which could affect the INR. The interaction between alcohol and warfarin is complex. In general, alcohol has a vasodilatory effect and can increase bleeding. In addition, chronic heavy alcohol intake potentiates liver enzymes which increase the metabolism of warfarin. This leads to lower circulating levels of warfarin. However, chronic liver disease itself can increase bleeding due to its negative effect on vitamin K-dependant clotting factors. 36 No attempt was made in this audit to assess whether practitioners considered alcohol to have a negative or positive effect on the INR.
It was interesting to note that 24% and 21% of respondents considered stress and long-haul aeroplane fl ights, respectively, as infl uencing factors on INR. This was a slightly greater number than those who thought diet (20%) was a factor.
There is no evidence that stress or long-haul fl ights affect the INR but food that contains large quantities of vitamin K, such as root and leafy green vegetables, will reduce the warfarin effect. Conversely, low levels of vitamin K can lead to reduced prothrombin, which may result in delayed clotting and increase the effect of warfarin.
CONCLUSION
This audit has provided an insight into the current management of patients on warfarin by general dental practitioners in South West Wales. It has highlighted in general an increasing compliance with guidelines which have been in existence since 2001. However, there appears to be a core of individuals who are either unaware of the changes or are resistant to changing their practice. Confl icting advice in guidelines issued by the BNF and NWMIC may contribute to this outcome. To overcome these inconsistencies, bodies responsible for undergraduate and postgraduate education may need to consider further educational initiatives. In addition, authorities which produce guidelines in this area may need to ensure consistency in the future.
This study also highlights the need for each planned treatment to be assessed on its own merits with respect to the risk of bleeding, with consideration given to the existing published guidelines. In addition, it is important that the clinician has a clear understanding of the tissues involved, the potential affects of any invasive treatment and how optimum haemostasis is achieved.
